Introduction
Face-centered cubic metals, upon rolling, develop one or the other of two types of textures commonly designated as the copper and the brass type. The copper type consists of a continuous 'tube' of preferred orientations extending from (011)[2]1] to approximately (i12) [1] .1] (Bunge & Haessner, 1968) whereas the brass type is described by the ideal orientation (011) [2] .1] with some possible additional minor components. The copper type is developed in most of the pure f.c.c. metals except silver after rolling at room temperature. The brass type occurs in solid solutions and silver rolled at room temperature and in pure metals rolled at lower temperatures. The two variables, alloy content and rolling temperature, were shown to be equivalent as regards their influence on the texture transition (Hu & Cline, 1961; Hu & Goodman, 1963) . Furthermore there seems to be no doubt that the texture transition is closely related to a change in stacking fault energy (Smallman & Green, 1964) . Opinions do, however, diverge as to which special mechanism is responsible for the transition: whether it is, for example, mechanical twinning (Wassermann, 1963) , slip by partial dislocations (Liu, 1964) , or cross slip (Dillamore & Roberts, 1964) . The texture transition has been followed qualitatively by inspecting pole figures and quantitatively by means of certain intensity ratio parameters (Smallman, 1955-56) . It turned out, however, that these parameters can give only a rough idea as to whether the texture transition has occurred or not. They cannot even answer uniquely the question of the degree of change in an intermediate state (Hu, Cline & Goodman, 1961) . This is understandable, of course, since the intensity at a certain point of a pole figure is a complex quantity composed of contributions from crystals in different orientations having only one crystallographic axis in common. The only quantity free of these superpositions is the three-dimensional distribution function which can be calculated from several pole figures (Bunge, 1965 (Bunge, , 1969 . As in the case of the pure copper texture (Bunge, Tobisch & Sonntag, 1971 ) the orientation distribution function could be expected to give a more detailed picture of the textures under consideration than could pole figures. It was, therefore, the aim of the present investigation to determine exact pole figures of several brasses using neutron diffraction and to calculate three-dimensional orientation distribution functions.
Experimental
The alloys were melted from 99.5% purity starting materials. They were forged, hot rolled and machined to slabs of 1 x 5 x 30 cm. The cold rolling to a final thickness of 0.5 mm, corresponding to 99.5 % reduction, was carried out on a two-roll laboratory mill. Specimens of 5 x 5 cm were cut from the cold-rolled sheets for the neutron diffraction measurements. In order to increase the irradiated volume, four sheets were stacked upon one another. Pole figure measurements in steps of 6x6 ° were carried out using an automatically operated texture device described by Tobisch, Betzl, & Reichel (1969) which was mounted on the neutron diffractometer described by Kleinstfick (1961) .
The measurements were made at the Rossendorf research reactor. Four pole figures, (111), (200), (220) and (311), were taken for each specimen. They were corrected for background scattering, geometrical factors and absorption (Sonntag, 1970 , Tobisch, 1972 .
Results
In Fig. 1 normalized (111)-pole figures are shown. The normalization was carried out mathematically by integrating over the whole pole figure (Bunge, 1969) . Since the pole figures provide only the raw material for the following calculations, the others are not shown here (Tobisch, 1971) . From the pole figures three-dimensional orientation distribution functions f(q)lq~q92) were calculated by a method using series development (Bunge, 1965 (Bunge, , 1969 . Here qh~bq~2 are the Eulerian angles relating the crystal coordinate system (cubic axes x y z) with a specimen coordinate system given by the rolling (x'), transverse (y') and normal (z') directions. The functions are expressed in multiples of the random distribution. They are shown in Fig. 2 . It will be seen that the orientation tube of the pure copper texture extending from (011)[2T1] towards an orientation in the vicinity of (T12)[Ill] is continuously contracted until only the brass type ideal orientation (011) [2T1] is left. This is more clearly depicted in Fig. 3 which shows the orientation density along the 'skeleton' line, i.e. the line of makimum orientation density in the centre of the tube. The orientation tube increasing in its intensity towards ~(TI2)[Ill] for pure copper is cut off rather abruptly at its ,-,(T12)[1T1] end at about 4% zinc and it shortens further with increasing zinc concentration up to about 14 % Zn where only the ideal orientation (011) [211] is left with a certain anisotropic spread about it. Because of the cubic crystal symmetry the orientation volume represented in Fig. 2 contains three symmetrically equivalent points corresponding to any one crystal orientation. Hence the curves in Fig. 3 consist of three symmetrically equivalent branches. From Fig. 3 the length of the orientation tube can be estimated. The distance between (011) [2T1] and a point at which a sharp intensity decrease begins is taken as this length. Although this is not a very exact definition, the quantity thus defined and shown in Fig. 4 describes at least qualitatively the changes occurring in the orientation distribution.
In Fig. 5 the skeleton line of the tube is given by the orientations of the normal and rolling directions on a stereographic projection for the different zinc concentrations. It may be seen that the position of the tube remains almost the same. The tube is, however, cut off at different distances from the brass orientation (011) m [211] . This orientation itself showed a slight shift with alloy concentration consisting of a rotation through up to 5 ° about the normal direction. It is, however, not quite clear by how much this shift is outside the limit of experimental error. Besides this main texture component two more minor components have been found at the orientations (011) [100] and (011) [122] having their maximum frequency in the 4 % zinc texture. These components are shown in Fig. 6 which is an enlarged part of Fig. 2(b) . The intensity distribution along the dotted line in Fig.  6 is given in Fig. 7 . It is to be seen that there is some scattered intensity between the three maxima. Hence these components may alternatively be described as a (011)-fibre texture with its fibre axis parallel to the normal direction but with a distribution not perfectly random about the axis. In Fig. 8 the orientation densities at the four orientations, the two end orientations of the tube component and the two minor ones, are shown as a function of increasing alloying content. It is to be seen that the first strong change of texture has been completed at about 5 % zinc. As shown in Fig.  4 , a second feature of the texture, namely the length of the orientation tube, completes its transition at about 15 % Zn and a third feature is that the intensity of all the components continuously decreases over the remaining concentration range. Hence the concentration range may be divided into three subranges ex-tend!ng from 0-5, from 5-15 and from 15-30 % zinc. These ranges are also to be distinguished in terms of the variation of the first three coefficients C,~ ~ of the series development of the orientation distribution function f(tptq~fp2) shown in Fig. 9. [These three coefficients, and only these, enter the formulae relating the polycrystal elastic properties of a textured material with the single crystal ones in the Hill approximation (Bunge, 1968) ]. This means that the texture transition from the copper to the brass type cannot adequately be represented by 'pure' copper and 'pure' brass components occurring in varying proportion. The textures developed at intermediate zinc concentrations are intermediate between these two end textures rather than composed of them. As was mentioned above, the orientation (011) [2T1] which dominates in the higher concentration brasses shows some anisotropic spread. This can be seen easily in the inverse pole figures of the normal and rolling directions (Fig. 10) . These can be compared with those, for pure copper (Fig. 11 ) and it can be seen that the spread of the normal directions is towards (111) and not towards (112) as in the case of pure copper [ Fig.  1 l(b) ]. Hence the anisotropic scattering cannot be regarded as a relic of the orientation tube present in the textures of the lower zinc concentrations.
Discussion
As was to be expected the three-dimensional orientation distribution revealed a more detailed picture of the texture transition in brasses than the pole figures themselves could give. The main feature of this transition is the continuous shortening of the tube of preferred orientations occurring in the copper-type texture completed at about 15 % zinc. This means that the textures at intermediate zinc concentrations cannot be considered to be composed of 'pure' copper and 'pure' brass components varying only in their relative frequency as was concluded from Young's modulus measurements by Ahlers & Liu (1967) . It must be borne in mind, however, that Young's modulus is a mean value depending only on certain integrals over the orientation distribution function. If the Hill approximation is considered these are the three coefficients shown in Fig.  9 . Hence, Young's modulus measurements give only a small amount of the complete information about a t,~xture. This may be the reason why the two component model proposed by Ahlers &~Liu is sufficient to interpret Young's modulus measurements though it does not hold for the textures themselves. Although we did not investigate alioys with zinc contents lower than 4%, Figs. 4 and 8 suggest that the texture starts changing immediately upon alloying. However, that there might exist a range of rather small zinc concentrations with unchanged copper texture, as was found by Richman & Liu (1961) in some copper alloys using an intensity ratio parameter, cannot be excluded. As already mentioned, however, intensity ratio parameters are rather complex quantities, the interpretation of which in terms of orientation densities is difficult. Further investigations including calculations of the • three-dimensional orientation distribution function in the lower concentration range would therefore be useful in order to answer this question more clearly.
The shortening of the preferred orientation tube begins with the disappearence of the orientation ,-,012)
[I~0]
[100] [1i"1] or from a theoretical point of view (4t4,11) [11,T~,8] (Dillamore, Butler & Green, 1968; Bunge 1970 (1963) proposition that the texture transition from copper to brass type results from mechanical twinning.
A second feature of the texture transition is the continuous decrease of the maximum intensities of all the texture components including the major and minor ones. This decrease unless superimposed on other changes seems to be nearly linear over the whole concentration range, the slope being approximately the same for all the components. The reason for this behaviour may be seen in a general increase of the amount of twinned material even in those components which are not as favourably oriented for twinning as the ~(T12) [1TI] component. This is confirmed by Vassamillet & Massalski's (1963) results on the stacking fault frequency in different brasses. These authors found a nearly linear increase of stacking fault frequency over the whole concentration range and not only in the range from 0 to 5 % zinc in which the ,-~ (T 12) [ 1T 1 ] component disappears. Dillamore, Smallman & Roberts (1964) considered the texture transition as a function of the stacking fault energy parameter 7/G.b. As a measure of the texture transition they used an intensity ratio parameter, [ Fig.  12(a) ]. With increasing stacking fault energy this parameter decreases towards its value for the pure copper type texture. A similar behaviour was found by English & Chin (1965) for the (100) component in the drawing textures of f.c.c, wires, [ Fig. 12(b) ]. This component is assumed to be formed by rr.echanical twinning of the (111) component into a (511) orientation which in turn passes over to (100) by further glide deformation. With decreasing stacking-fault energy this curve increses as the curve by Dillamore et al. does. At very low stacking fault energies, however, it ,decreases again after having run through a maximum for silver. The curve in Fig. 12(a) does not cover this low energy range. A recent investigation by Salonen, Kajamaa, & Saarinen (1969) in this range did not reveal a decrease, the values remaining nearly constant.
In order to compare our results taken from the three-dimensional distribution with those of Fig. 12(a) and (b) we replotted the orientation density of the (011)[100] twin orientation versus the stacking fault energy parameter 7/G.b. [Fig. 12(c) ]. It is seen that it passes through a maximum similar to that shown by the English & Chin curve. This behaviour may be understood in terms of mechanical twinning in the following way. Peissker (1965), studying the incidence of mechanical twins in plastically deformed single crystals of f.c.c. alloys, revealed three different ranges of twinning behaviour. At high stacking-fault energies no twins occurred at all. At medium energies large macroscopically visible twins were found and at very low energies a large number of, however, microscopically small twins were present. Hence in this range, though the number of stacking faults and the number of twins may still further increase, the volume fraction of twins may decrease, thus explaining the decrease in the curves in Fig. 12(b) (1965), (c) present work.
Introduction
Most small-angle X-ray scattering equipment uses slit collimation to define the incident and scattered beams. To provide sufficient scattered intensity, the dimensions of the collimating slits have to be made so large that the measured scattered intensity cannot be approximated by the scattering at the nominal scattering angle but instead is the average over an appreciable interval of scattering angles. Because of this averaging process, the measured curve of the scattered intensity as a function of the scattering angle can differ appre- ciably from the scattering curve which would be observed if all the X-rays were scattered at a single angle. The measured scattering curves must therefore be corrected to eliminate these collimation effects and obtain the perfect-collimation scattering curves, which represent the scattering at a single scattering angle. Techniques for collimation correction are therefore extremely important in small-angle X-ray scattering. Since the collimation correction often produces a large change in the scattering curve, accurate and reliable correction methods are required.
As collimation corrections are almost always necessary in quantitative analysis of small-angle X-ray scattering data, many people have studied the problem of collimation correction, and a number of correction procedures have been developed, including the .methods of Kratky, Porod & Skala (1960) ; Heine & Roppert
